In this paper, a test for investigating the vibrational hazards occurred in a modernized
Introduction
The rapid development of a modern technology is closely related to the broad application and innovation of power equipment, which can generate great vibrations and do harm for building structures and people [1] [2] [3] [4] . Chilled water pumps, freezers, chillers, and air conditioners are often included in power equipment and installed in the civil structures such as hospitals, etc., and the vibrations will influence the upper floors, human comfort and even the safety. In tradition, these vibrational hazards are ignored and power equipment are installed after the structure is built. The vibration problem is not considered into account in advance. In fact, the vibrations are accompanied all the time with the power equipment, and the whole structure is always under the vibration shadow. A test is a key measure for investigating the vibration level, of which people and engineers should pay attention to and some isolation strategies are also developed [5] [6] [7] . In this survey, a big, modernized and fully equipped hospital is investigated, in which a lot of power equipment is placed at the ground floor, and great vibrations can be perceived at the upper floors. Figure 1 shows the site pictures from which are seen chilled water pumps and other power equipment as the main vibration source. In addition, there are basically no vibration isolation strategies performed here, and the equipment is directly connected to the foundation which is not designed for a big volume of concrete foundation. Meantime, steel suspensions are used for supporting the pipes, but the vibrations are transmitted to the upper floors via this way.
Site investigation

Figure 1. Site pictures.
The foundation is connected with the chilled water pumps only by a pair of steel shims (Fig. 2) , and any other soft connections are not used. Apart from this, a single ball rubber isolator is inserted to the pipes which is aimed at suppressing the transmitted vibrations (Fig. 3) . However, the whole ball is stretched to be a line and the original ellipsoid is completely deformed. From this a conclusion can be derived that this rubber does not play a good role in isolation. The site vibration test is shown in Fig. 5 and Fig. 6 . 
Test results
The vibration data collection and analysis for the ground floor (test point A), foundation (test point B) and the chilled water pumps as vibration source (test point C) is shown in Fig. 7 , from which the vibrations are seen, almost not attenuating though they are transmitted from the foundation to the ground floor. In conclusion, the steel shims must be replaced by vibration isolators such as steel spring (Fig. 8) , rubber, and so on. Meanwhile, a small volume of the concrete foundation does not work well and it must be redesigned. An embedded large volume of concrete foundation should be adopted here (Fig. 9) . The vibration data collection and analysis for the chilled water pumps as vibration source (test point C), beneath the single ball rubber isolator (test point D), and above the single ball rubber isolator (test point E) is shown in Fig. 10 . From this the suppression and isolation effect of a single ball rubber isolator is seen inconspicuous. On the contrary, the resonance is magnified. In conclusion, the stretched single ball rubber isolator should be replaced and the stretched condition must be adjusted. It can be redesigned in another way to become a double ball rubber isolator (Fig. 11) . The vibration data collection and analysis for beneath the single ball rubber isolator (test point D), above the single ball rubber isolator (test point E) and the iron suspension (test point F) is shown in Fig. 12 ., from which it is seen that the vibrations are transmitting constantly upwards. A conclusion can be indicated that the floor-1 and the floor-2 will be influenced. Accordingly, the iron suspensions should be changed into the support style with door bracket, and the connections between the bracket and ground floor can be inserted by the steel spring (Fig. 8) , which is depicted in Fig. 13 . In addition, different chilled water pumps and freezers are tested for presenting the broad influence by vibrations, which is shown in Fig. 15 and Fig.  16 . 
Active vibration control
In the presentation of Fig. 8-9 and 11, which have given a practical steel spring, passive vibration isolations can be achieved for power equipment and pumps. Though passive strategies are easily to be performed and often carried out in practice, the passive design methods for low frequency vibration control are difficult and compromise between isolation performance and alignment of the supported machinery [8] . In order to overcome the shortcomings of the passive methods, active control methods have been the focus of recent research. The active control methods such as Sky-hook [9] , LQR/LQG [10] , and H  [11] have been presented in literature. Active vibration control for power pumps is schematically depicted in k , 2 c are respectively the stiffness and damping of isolation system; 2 m is the mass of power equipment; ( ) a F t is the active control force generated by actuator; ( ) F t is the generated vibration load by the power equipment. The motion equations can be written as
In the active control system, a series of state variables are provided here 1 1 z x  
which indicates the transmitted force from the power equipment to the ground floor. In practice, a state observer with full state vector is generally difficult, and therefore an observer with a partial state vector is assumed here as
Eq. (4) can be rewritten as
where
There must be input noise 1 ( ) t  in Eq. (2) and measurement noise 2 ( ) t  in Eq. (5), and then the state space equation and observation equation can be revised as
where 1 ( ) t  and 2 ( ) t  are Gaussian random white noise with zero-mean value. In order to eliminate the negative influence of the presented noise to obtain a much better active control, the linear quadratic Gaussian (LQG) control method is adopted here, by which the active control force is generated as
where K is the feedback gain in the LQG strategy, and ˆ( ) y t is the estimation of ( ) y t . A Kalman filter is constructed here for solving the estimationˆ( ) y t , and the state space form is written as
where ˆ( ) z t is the estimated state vector; e K is the gain of the Kalman filter;
m n generates a m n  unit matrix. A proposed LQG control with the Kalman filter is depicted in Fig. 18 . Figure 18 . LQG active control with the Kalman filter for power equipment.
In this study, the LQG control is combined with PSO [1, 3] technique, and an optimized active controller is performed here, and the fitness function is defined as
where desired ( ) Y t is the desired transmitted force from the power equipment to the ground floor, and it can be set as 0 in the optimization.
Numerical studies
In this survey, active vibration control for the chilled water pumps is performed here with a mass of 608 kg (m 2 ), and the amplitude of generated vibration load is 866 N and the disturbed frequency is 24.2 Hz. By adopting the passive isolation strategies, the stiffness and damping of the steel By using this active vibration control, the suppressed transmitted force from the pumps to the ground floor is shown in Fig. 20 . From this it can be seen the peak suppression effect of transmitted force which has been promoted by using active control and compared with the passive isolations.
Conclusion
In this paper, a survey for vibrational hazards by power equipment in a hospital is carried out, and the vibrations influencing the entire structure are presented. vibrations influencing the entire structure Are presented. After investigation, the isolation strategies are performed and optimal active vibration control with the PSO technique is further discussed. The numerical results confirm better suppression of the active control than the passive methods.
In fact, the presented topic in this paper is often ignored in our practice, and seismic vibrations are always concentrated on. However, in our modern life, vibrations must be taken into account when the initial structural design is performed. A new branch of green building can be pushed towards. We also appeal that the vibrational hazards must be eliminated like other pollutions from our life.
